Mechanisms involved in the polymerization of conjugated and nonconjugated linoleic acid by Shiang, Chang Szu.
MECHANISMS INVOLVED IN THE POLYMERIZATION OP
CONJUGATED AND NONCONJUOATED
LIHOLEIC ACID
by
CHANG 3ZU SI1IANO
B. 3., National Chi-nan University
Shanghai, China , 1941
A THESIS
submitted in partial fulfillment of the
requirements for the degree
MASTER OF SCIENCE
Department of Chemistry
KANSAS STATE COLLEGE
OP AORICULTURE AND APPLIED SCIENCE
1949
mtrrf
$H TABLE OP CONTENTS
INTRODUCTIONS 1
EXPERIMENTAL 11
Preparation of Materials •••«•••«••••••• 11
Polymerisation Process • •.,.. • 15
Dopolymerisation Processes . . 16
Determination of Constants * . • 13
RESULTS ........ 25
Change In Molecular Weight and Neutral Equivalent
During Autoxldation ....... 25
Effectiveness of the Depolymerization Processes • . • 25
Products of Molecular Distillation . . . • 28
DISCUSSION . . . . 30
The Formation of Trimors by Linoleic acid ...... 30
The Role of Carboxyl Oroup in the Polymerization
of Linoleic add ,....,... • 30
The Differences In the Mechanisms Involved in the
Polymerization of Con.lugated and Nonconju-
gated Linoleic acid ........ 32
SUMMARY 34
ACKNOWLEDGMENT 35
LITERATURE CITED ...... ....... 36
INTRODUCTION
Tho reaction of unsaturated fatty materials with oxygen
involves oxidation as well as polymerization. Many stadias
have been made on the mechanisms involved In the autoxidatlon
of drying oils during recent years (1, 12, 13, 21, 22)* The
explanation of the initial steps has been well established*
The polymerization of oils induced by oxidation is now recognised
as the process responsible for tho drying of oil films, How-
ever, the polymers formed still remain uncharacterized and their
mechanism of formation uncertain,
Bradley (4, 5), developed the theory of functionality as
applied to film formation, oil bodying and related phenomena.
This theory is now generally acoepted. According to this
theory, a minimum number of functional groups are required to
be present in the reacting substance in order that polymer
formation may occur. In the case of the fatty acids, the
functional groups may be unsaturated linkages, hydroxyl groups
and carboxyl groups. Thus, if double bonds only are present
then only additional polymerization is possible, and if only
hydroxyl and carboxyl groups are present, only condensation
reactions are possible* When both types of functional groups
are present, both types of polymerization can occur. However,
the formation of a solid film by three dimensional polymerization
required at least three functional groups. This explains why
linoleic acid and its methyl esters could form viscous polymers
2only, while its glycol and glycerol eaters could fona solid film.
In the case of linoleic acid, there are two functional
groups present, the double bond and the carboxyl group. Its
polymerization nay therefore result from either one of the two
functional groups or from both of them* Various mechaniawi
have been suggested to explain the drying property of linoleic
add, all of them have certain background and proof. However,
none of them is quite satisfactory, and none could be supported
with enough experimental evidence to make it generally accepted*
The polymerisation of linoleic acid due to the carboxyl
group may be accomplished by aldol condensation aa wall as by
direct dehydration, Holman, Lundburg and Burr (12) suggested
the aldol condensation between a carboxyl group in one chain
and a methylene group in a second.
-C=0 + -CH2-CH=CH- » -C-CH-CH=CH-
->
-C=C-CH=CH- (I)
I i
They believed that this type of bond is the cause of ohromophore
development in oxidized oil. However, changes in physical and
chemical properties accompanying the polymerization step indi-
cate that aldol formation is not the principal step responsible
for the polymerization of drying oils. The negligible tendency
for oleic acid to polymerize is difficult to explain with this
3mechanlsr..
The other type of condensation nay be accomplished by the
condensation of the oarboxyl group in one segment and the acti-
vated methylene group of another segment. The methylene group
may be activated by the double bond or by the oarboxyl group
(9, p. 44).
-C=0^-<2LJ-C=0 -C«CH-C=0 (II)
I
A
1 > ll i I
OH
-C^O'-CHo-CH^CH- -C^CH-CH^CH- (Ill)
I
~ » II I
OH
However* neither tills type of polymerization nor an aldol
condensation seemed to be the principal reaction involved in the
drying of unsaturated oils. Durk et al. (9, p, 44) pointod out
that when the carbonyl group occurs in a carboxyl or ester group,
its polymerising powers are substantially suppressed. Thus,
the polymerising power of the fatty acids is confined to the
loose association type of binding and even this power is lost
largely in the ease of fatty esters*
There are two possible routes of polymerization which
Involve the double bond; one, a carbon to carbon, and two, a
carbon to oxygen bond. The carbon to carbon linkage may
possibly be produced by three different ways. First, open chain
polymers resulting from the vinyl bonding of two of the un-
saturated croups in adjacent fatty acid segments) second, cyclic
chain polymers through bridges involving the Diels-Alder type
addition of two of the unsaturated croupe in adjacent fatty acid
segments? and third, open chain polymers formed by the adol con-
densation between an activated methylene group and a oarbonyl
group which may result from the decomposition of a peroxide.
The carbon to oxygen linkage may possibly be produced either by
a dioxane ring resulting from the Joining of one double bond to
a peroxide group of an adjacent oxidised fatty acid segment? or
by a perdioxane ring resulting from the bonding of a peroxide
group in one oxidized fatty acid molecule with another peroxide
group in an adjacent segment* A brief surrey of the above
mentioned types of polymerisation is given below
*
The peroxide groups of two oxidised acid molecules aay be
hooked together according to the following scheme (21).
-CH-0
I I
•CH-0
O-CH-
I I
O-CH-
-CH-0-O-CH-
I I
-CH-0-O-CII-
(IV)
R R
I I
HC-CH
I l
0-0
R R
I i
HC-CH
I 1
•0 0-
(V)
n
Reaction IV, proposed by Ooldschmidt and Freund, according to
Dean, (10, p. 218), does not account for the rapid decrease in
iodine value and specific refraction during the polymerization
Stags* Further oxidation of unsaturated compounds can not
5account Tor tho drop in iodine value and specific refraction.
There is no reason why the rate of oxygen absorption during this
stage should be greater than during the first stage, and further-
more, ultimate analyses and gain in weight neasureraonto do not
indicate an abnormally rapid oxygen absorption. The same argu-
ments Mem to rule out the possibility of the peroxide polymers
at represented by formula V, which is suggested by Staudinger
•t al., (24 }•
When peroxide groups combine with unoxidlzed double
linkages, two mechanisms are possible* One would be a dioxane
derivative, formula VI, while the other would be a chain polymer
containing alternate C-O-O-C and new C-C linkages, formula VII,
or alternate C-O-C and C-C linkages, formula VIII*
H II
•c-o c- -ce-o-ch-
I I + II > I I (VI)
-C-0 C- -CH-O-CH-
H H
i
ii ,i i
HC-0-O-CH HC-0-O-CH HC-0-O-CH
1 II i I \ (VII)
HC — CH HC — CH HC-
i
i '
' i
HC-O-CH liC-O-CH HC-O-CH
1
| I I
i I (VIII)
HC-O-CH HC-O-CH HC-O-
i i i i i
The structure VI could also be formed by the rearrangement or
decomposition of a perdloxane ring (22, 27, 28),
6-C3I-CH-
/ \
-cii-cii- ^* \ / (:
/ \ ^^ -CH-CH-
1
I
OH0. I
\ / ^\^ -C-CH-
(X)
\ /
-C2I-C-
I
OH
There are several serious objections to this mechanism
) • There has never been any explanation offered of why it
doos not operate in the case of oleic eaters , which show a
negligible tendency to polymerias under usual conditions. The
mechanism of such a reaction should be exceedingly complex to
the point of being improbable, A peroxide formed at the double
bond would have to combine with an unsaturated group on another
fatty acid segment, the second mole of oxygen would then add
and complete the ring. The probability of two molecules of
oxygen and two unsaturated groups arriving at the required
arrangement in space at the same time Is too remote for serious
consideration* Othor objections to this theory include the
fact that the presence of the dioxane ring has never been
established in oxidised oils (11), also the only evidence for
the presence of the necessary amount of ether oxygen is indirect
and inconclusive*
The probable formation of carbon to carbon linked polymers
receives considerable support from the observation that there
are only insignificant difference* between the amount of oxygen
found in the oxidized diying oil eaters by ultimate analyaes and
the sum of oxygen present in ether, peroxide, aldehyde and
hydroxyl groups (6, 19 * 20)* Overholt and Kim (10) studied the
autoxidation of conjugated compounds, while Bolland and Koch (2)
studied the autoxidation of nonoonjugated compounds* Inde-
pendently these authors concluded that the role of oxygen is
only a peroxidic catalyst for the carbon to carbon linked
polymerization*
Kappelmeler (14) suggested that the polymerisation took
place by a dlene or 1,4 addition reaction of a conjugated seg-
ment of fatty add with double bond of another molecule to form
a substituted cyclo-hexene derivatives* This theory is strong-
ly supported by Bradley and oo-workers (7). They Investigated
the constituents of drying oil gels and isolated and character-
ized a fraction of polybasic acid which they termed dlmeric
acid* According to the postulated mechanism* the structural
formula for this dimerlzed conjugated dlene acid should be J
-C-CH=CII-CH=Gi.C- * -di=CII*ai=CH-
II II
II II
-C-GH-CII-CIUCH-C-
/ \
-CH GH- (XI)
\ /
CH=CH
8For nonconjugated dlone acidc, one segment lo isonorisod
first to conjugated double bond, and it will then undergo a
dlone reaction with a nonconjugated double bond of another un-
isoraerized molecule.
The weight of evidence accumulated on the behavior of oxi-
dised oils now seems to favor this view above all the others.
It has been shown that the loss of unaaturation, increase in
density, and drop in molecular rofraotivity accompanying the
drying of unsaturated esters might well be interpreted as re-
flecting bonding of this typo* Spectroscopic evidence points
to the presence of oarbonyl groups adjacent to carbon to carbon
double bonds, of carbon to carbon double bonds with carbonyl
groups alpha to both carbon atoms, and of a considerable con-
tent of conjugated diones. Such systems might readily be ex-
pected to enter into a Diels Alder reaction* The change in
density and specific refraction with little change in oxygen
content are in agreement with this type of reaction tlian is
vinyl polymerization*
Another possible type of carbon to carbon linked
polymerization might result from a combination of two of the
unsaturated groups in adjacent fatty acid segments by vinyl
polymerization (21)* The oxygen serves only to activate
neighbouring double linkages. The latter may then enter into
the vinyl polymerization according to the following scheme:
2R»CH=iCH-R » R-CH„-CH-R
(XII)
R-C-CH-R
The pronounced change In density, decrease in iodine value,
and decrease in refractivity accompanying the drying of films
with little change in oxygen content are indicative of such a
mechanism. It was shown that linolelo acid shows these changes
to a more pronounced degree than do linolenic esters* This
might be expected since two double bonds are sufficient to give
air drying properties, with linolenic acid the third double
bond affords a site for further oxidation which partially masks
the effect of the polymerization reaction. Powers (22), in a
recent article, further proved this mechanism by determining the
density and refractivity changes, also the carbon and hydrogen
content of linseed oil blown at 80°C.
The third possible mechanisms by which carbon to carbon
polymers are formed involves an aldol condensation between a
carbonyl group in one chain and an activated methylene group in
a second chain. The carbonyl group is formed from the decomposi«
tlon of a peroxide group according to the following scheme:
-CH=©UCH2 . »
1 1
o-o
-ItgO -C-CH=CH-
II
(XIII)
10
The BCherao for tlie aldol condensation is the sane as reaction I,
The objections to the first mechanism could also bo applied to
this raeehanisnu
Very recently, Swern, 2canlan, and Knight (86), in review-
ing the mechanisms of the reactions of oxygen with fatty
materials, suggested that the polymers obtained in the air oxi-
dation of linoleates probably consist of a mixture of carbon to
carbon and oxygen linked compounds. However, they failed to
give any experimental evidence to support their suggestion.
The purpose of the present investigation is an attempt to
add to the understanding of the mechanisms of polymerisation
reaction involved in the drying and aging of unsaturated fatty
acids through a now technique by trying to depolymorise the
oxidised polymers and characterise tlie products*
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KXPERDSEHTAL
Preparation of Materials
The 9, 12 llnoleic acid used in this investigation was ob-
tained from the ethyl ester which was prepared by the de-
bromination of tetrabromostearic acid by the nolle tt method
(23) as modified in this laboratory* The crystalline 10, 12
llnoleic acid was prepared by the modified method of Van
Mikusoh (29) from dehydrated castor oil*
Preparation of the Fatty Acids * Three hundred g of
potassium hydroxide were placed in a five liter round bottom
flask, 1200 ml of ethyl alcohol and 100 ml of water were added,
and the mixture was heated to near boiling on a steam bath*
One hundred g of cottonseed oil were added to the hot solution,
condenser attached, and refluxin^ allowed to proceed for 30
minutes. The hydrolysate was cooled to about 40° in a stream
of tap water and 1300 ml of cold distilled water added. With
continued cooling and agitation, 550 ml of cold concentrated
hydrochloric add were added In small portions. The cold
mixture was then transferred to a large separatory funnel and
shaken vigorously to insure complete decomposition of the soaps*
The fatty acids were washed twice with about one liter of dis-
tilled water, care beino taken to avoid eraulslflcatlon* One
liter of redistilled petroleum ether was added and the fatty
acids were washed again. After the water had been drawn off
the fatty adds were placed in a five liter round bottom flask
Hto which about 50 g of anhydrous sodium sulfate were added* One
liter of redistilled petroleum ether was then added and the
solution allowed to stand overnight at -5°C» The saturated
acids and the sodium sulfate were filtered off and one liter of
redistilled petroleum ether was added to the filtrate, which
was then ready for brominatlon*
Preparation of Crystalline Tetrabromostoarlc Acid . The
five liter flask containing the solution of fatty adds was
clamped firmly into an ice-salt bath, the flask being at least
throe inches above the bottom of the bath to provide proper
cooling* A mechanical stirrer with sufficient speed and power
to produce good mixing was adjusted to about one half inch from
the bottom of the flask* Bromine was added from a separatory
funnel at such a rate that the temperature of the reaction
mixture at no time exceeded 10°C. About 50 g of bromine were
required for complete saturation* as indicated by the per-
sistence of a bromine color* The crystalline crude tetra-
bromostoarlc acid which precipitated from the solution after
standing overnight at -5°C was collected on a Buchner funnel*
washed with redistilled petroleum ether and transferred to a
dry five liter round bottom flask* Five liters of redistilled
petroleun ether and 1*5 liters of ether, or more if necessary
to offect complete solution, were added and the tetrabromo-
stearlc acid was brought into solution by refluxing on a steam
bath. Twenty g of Norit were added* refluxing oontinued for a
few minutes, and then the hot solution was filtered through a
13
warn Buchner funnel. Oversised filter paper was used In the
funnel and was kept firmly In place by a water bath ring which
fitted snugly in the funnel* The filtrate was allowed to stand
overnight at ~5 C. The product waa filtered on a Buchner funnel
and washed with redistilled petroleum ether. The white crystals
were dried at room temperature and their melting point determin-
ed ( 114-115° ). If the melting point was low, the product was
recrystallised from petroleum ether before proceeding.
Preparation of Methyl Linoleate . Two hundred g of tetra*
bromostoarlc acid and 800 g of granular sine were mixed to-
gether and placed in a dry, ground-nock, round bottom flask. A
condenser was attached and 200 ml of methyl alcohol were added
and the acid dissolved by warning carefully on a steam bath.
Cooling in a stream of tap water was necessary to control the
initial reaction, after which the mixture was allowed to reflux
for two hours on the steam bath. The reaction mixture was cool-
ed and poured into a separatory funnel containing 500 ml of
distilled water* A small amount of hydrochloric acid was added
to decompose any zinc soaps which might be present and the
mixture was shaken vigorously and allowed to stand until the
esters had separated completely. The aqueous phase waa then
drawn off and extracted twice with 800 ml of redistilled
petroleum ether. The extract was then washed with 500 ml of
8 percent sodium carbonate solution and twice with 100 ml of
water. The washed ether solution was dried over anhydrous
14
sodium sulfato, filtered end the solvent removed by means of a
water puap. The ester vas distilled In an all Glass vacuum
still and the fraction collected that boiled at 135-140°, *1 ran
pressure*
Preparation of 9* 12 Llnololo Acid . Two hundred g of the
ester vas placed in a five liter round bottom flask and
saponified with 1200 ml of B percent alcoholic potassium hy-
droxide by standing overnight at room temperature. An equal
volume of distill water was added and the mixture extracted
twice with one half volumes of redistilled petroleum ether to
remove any unsaponifled ester* The saponified portion was then
acidified with dilute hydrochloric acid (1:1) while cooling and
shaking vigorously* The linoloic acid was extracted with an
equal volume of 50 percent ethyl alcohol in water tmd dried with
sodium sulfate* Tho solvent was removed under reduced pressure
with a water pump and the acid distilled under a pressure of
fl ram* The portion which boiled at 150-155° was collected and
preserved by sealing in 15 ml glass tubes under high vacuum*
tfiW**U«t.g c*y°ta1^ 1°« 1? Linoloic Agid. Two
hundred g of dehydrated castor oil was saponified in a solution
of 10 g potassium hydroxide, 240 ml of ethyl aloohol and 20 ml
wate*% After the saponification was complete, tho solution was
acidified with hydrochloric acid and the fatty aoido extracted
with redistilled petroleum ether, washed with water, dried
over sodium sulfate and the solvent removed under reduced
pressure* The fatty acids were then isomorized by dropping slow-
15
ly Into a mixture of 400 g potassium hydroxide and 1 liter of
ethylene glycol heated to 180°C, under vigorous stirring. The
reaction mixture was covered with a nitrogen atmosphere during
the whole process* The solution was heated for one-half hour
with stirring after all the fatty acids had been added. The
hot solution was poured over 1,000 g of chipped ice, acidified
with hydrochloric acid and extracted with redistilled petroleum
ether* The extract was washed with water and dried carefully
over anhydrous sodium sulfate* The sulfate was then removed
and the solution allowed to stand for 48 hours at -10OC. The
crystalline acid was filtered off and rocrystallized twloe
from redistilled petroleum ether and twice from ethanol* The
jrield of 10, 12 linoleic acid was 97 percent pure as calculated
from the spoctrophotometrlc readings*
Polymerisation Process
The polymerisation were conducted by bubbling air through
the fatty acids at 60°C. for 180 hours* The air was dried by
passing through a large calcium chloride tube and then freed
from dust by filtering through cotton* The adds, 60 g each
of conjugated and nonconjugated, were put into long Pyrex tubes
of 18 mm diameter* These test tubes were suspended in a Pyrex
jar containing mineral oil held at 60°C. The temperature was
regulated to a constancy of ±0*5°C with the aid of an air
stirrer designed In this laboratory and an Aminco thermostatic-
ally controlled heating unit* The air was introduced Into the
16
acid by using drawn soft glass inlet tube connected to the
purified air tube by rubber tubing. The flow of air was regu-
lated by a series of screw clamps between the inlet tubes and
the compressed air valve.
Three g samples of each add were taken during intervals
of 12, 24, 48, 100, and 150 hours. The samples taken were
sealed in test tubes under high vacuum, and reserved for the
determination of constants. The resulting viscous polymers
were subjected to the depolymerization process.
Depolyraeriaation Processes
Alkaline Depolymcr^atlqn. Fifty g of the final viscous
polymers from the autoxidation of linoleic acid was well nixed
with 120 ml of 3 normal aqueous potassium hydroxide solution
in a round bottom flask. The flask was clamped in an oil bath,
attached to a condenser, and refluxed gently for 8 hours. The
solution was then acidified with sulfuric add (lsl) while
hot, extracted with diethyl ether, dried with sodium sulfate,
and allowed to stand overnight at -10°C, Any tar-like
substance or preoipltate which may have separated was removed
by filtration. The solvent was removed under reduced pressure,
and the residue saponified by refluxing with 4 times its weight
of ethanol containing 2 percent by weight of sulfuric add for
6 hours. Most of the alcohol was then removed under reduced
pressure, and the residue dissolved in diethyl other. The
ether solution was washed first with water, then with dilute
17
sodium carbonate solution, and finally with water. The solution
was dried with sodium sulfate and the solvent removed under re-
uced pressure* The residue was subjected to vacuum steam dis-
tillation. The monomers were volatile with steam and were ob-
tained by extracting the distillate with petroleum ether. The
extract was dried over sodium sulfate, and the solvent removed
under reduced pressure. The residue was reserved for purifi-
cation by molecular distillation. The polymers which were
nonvolatile with steam were extracted with diethyl ether.
After removal of the ether under reduced pressure, they were
subjected to further depolymerlzation with acid.
Acid Depolymerisation . The sample to be depolymerized was
refluxed for 6 hours with 4 times its weight of anhydrous
ethanol which contained 7 percent dry hydrochloric acid gas»
The mixture was diluted with an equal volume of distilled water
and extracted twice with redistilled petroleum ether. The ether
extract was washed first with water then with dilute sodium bi-
carbonate solution and finally with water. It was dried over
anhydrous sodium sulfate and the solvent removed under reduced
pressure, the depolymerieed product was ready for molecular
distillation.
Molecular Distillation . The depolynerized product was dark
brown in color, and was purified by molecular distillation. The
molecular still used was of a short path film type and built in
this laboratory (Plate I). In this type of still, the material
to be distilled was allowed to flow by gravity along the Inner
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surface of a 20 mm tube* The outer surface of this tube was
heated by means of a spiral of glass wire connected to a
variac of one-half kilowatt capacity. The material was spread
into a thin film by moons of a glass spiral and the undistlll*
ed residue collected in a 50 ml round bottom flask* The
distillate was collected on a water cooled jacket suspended
in the center of the 28 ram tube* The distillate was allowed
to flow by gravity into a 50 ml round bottom flask* The
depolymerised product was passed through the still at 56°*
60° and 65°C*
Dsteminatlon of Constants
Heutral Equivalent * A sample of the oxidised acid (0*1 g)
was weighed out accurately and dissolved in 100 ml of ethanol*
The mixture was shaken well and titrated with a standard 0*1
normal sodium hydroxide solution with phenolphthalein as indi-
cator* A blank was run on the ethanol used as solvent* The
neutral equivalent was calculated according to the following
equation:
Heutral equivalent Wt* sample x 1*000
ml alkali x normality
ftolecular Weight . The cryosoopic method for molecular
weight determination with bensone as solvent was used* Since
the molecular weight to be determined was less than 1,000,
which was comparatively small in the field of polymers and the
solution used was quite dilute, the action of secondary valence
forces (including especially hydrogen bonding) in effecting
EXPLANATION OF PLATE I
A. Inlet
B. Outlet for residue
C. Outlet for distillate
D. Condenser tube
E. Glass spiral
PLATE I
20,
A
B
TO
VACUUM
SYSTEM
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molecular association was not serious. However, the molecular
weights determined were for comparative use and were not con-
sidered to be accurate*
The apparatus used consists of a test tube with a side arm
fitted with a oork whloh held a Beekraan thermometer and a ring
stirrer made from a small glass rod* The stirrer could be
mowed up and down through a piece of tubing inserted in the
cork and the ring stirrer was not large enough to hit the
thermometer bulb. The side arm was used for the purpose of
admitting the solvent and solute. The tube was set into a
larger test tube provided with a rubber ring, in order to
minimize the cooling rate* The tube and Jacket were inserted
into an ice water mixture in a large beaker* Fifteen ml of
benaene (thiophene free grade* recrystallised five times) was
accurately measured and introduced into the tube. The stirrer
was operated vigorously and the temperature at which the solid
and liquid phases were in equilibrium was recorded as the
freezing point of the solvent. The system was warmed and the
freezing point again determined* Sufficient samples to give a
depression of about 0*05°C. was accurately weighed* added to
the solvent and the freezing point again determined. The mole-
cular weight of the sample was then calculated from the
equation:
Molecular weight - 1*000 Kf g
a at
f
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ATf was the observed depression of the freezing point
caused by the addition of g grans of solute to G grams of sol-
vent , Kf was the molar depression of the solvent which corres-
ponds to the depression produced by a gram molecule of solute
dissolved In 1,000 g of solvent.
Spo ctrophotooetrie Analysis of Conjugated CpifflgBttS&i* Tho
ultraviolet absorption of the samples was determined by the use
of a Deckman DU. Quartz Spectrophotometer* The sample of
approximately 100 milligrams was weighed directly into a 100 ml
volumetric flask* The sample was dissolved in carefully
purified absolute ethyl alcohol and the flask filled to the
mark* Aliquot portions of this solution were then diluted with
the same solvent until the readings on the Beokaan scale
(log 'Iq) was about 0*4-0.8. lieadings at 2320. 2340, 2620,
2630, 2740, 3100, 3160, and 3220 A were taken* The conjugated
components in the sample were calculated from the equations:
Kg = K^O - 0*07
K3 =2,8 [KggQQ m 1/2 (Kg620 + Kg740 )J
K4 = 2*5 [k3160 - ^ *K3100 + K3220 )]
Where K032O wao til° rea(iin^ at 2320 A » corrected to a concen-
tration of 1 g solute in 1,000 ml solution, etc* The concen-
tration of conjugated acids expressed as percentage of acid in
sample was then calculated from the equations!
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Percentage conjugated diene acid — yB
119
Percentage conjugated trlene add — ^°0 Kg
214
Percentage conjugated tctraene acid - 100 fe
880
Spectrophotometric Analysis of NonoonJugatod Components *
About 0*1 g of sample was weighed out accurately into a small
weighing vessel and placed in a marked ignition tube* Four nl
of ethylene glycol (containing 7*5 percent of potassium hy-
droxide) was added* Nitrogen was blown in to displace air in
the tube* stoppered and placed in wire basket* Hie basket was
plaoed in an oil bath which had been heated to a temperature
about 200° to 210°C. The oil bath was kept at 180°C for one-
half hour* while the content of the tube was covored with
nitrogen*
The contents were then transferred to 100 ml volumetric
flasks, made up to volume using absolute ethyl alcohol, and
allowed to stand In cold room overnight* The sample was
brought to room temperature and filtered, the first 15-20 ml
of filtrate were discarded* Aliquot portions of the filtrate
were then diluted with absolute alcohol until the reading on
the Beckman spectrophotometer was about 0.4-0*8, Two blanks
were run along with the samples* Readings at 2320, 2340, 2620,
2680, 2740, 3100, and 3200 A on the Beckman DU. Quarto Spectro-
photometer were taken* The concentrations of nonconjugated
Mcomponents in the sample expressed as percentage of acids were
calculated from the equations!
V = K,8380 4- CM
V = 4,1 [K»8680 - 1/3 (K«2G20 + K«2740 )]
V = 2 -5 [K, 3i60 - Vfe ^sioo^Wj
and
K2B = K2« - KB
K3" = K3« * K3
K4" - K4 » - K4
where Kg to K4 were values obtained in speotrophotometrie
analysis of conjugated conponents
then,
Percentage nonconjugated dlene acid
= 1,126 Kg" - 1.27 Kg" + 0.04 K4
"
Percentage nonoonjugated triene acid
= 1.87 K3
W
- 4.43 K4
"
Percentage nonoonjugated tetraene acid
= 4,43 K4
"
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HB3ULTS
Change in Molocular Weight and
Heutral Equivalent Daring Autoxidation
Bie changes In molecular weight and neutral equivalent of
the conjugated and noneonjugatod llnolelc acid when they are
oxidized by bubbling air through them are shown by Figs. 1 and
Effectiveness of the
Depolymeriaatlon Processes
When the viscous polymers of noneonjugatod llnolelc add
was depolymerised by the alkaline process, only about 40 per*
cent was depolymerized to monomer compounds* If the undocom-
posed fraction was subjected to the alkaline depolymerlzation
process again, no appreciable change occurred. However, If
this same undeoomposed fraction was subjected to the acid de-
polymerlzatlon process, more than 50 percent of it was broken
down to monomer products* When the original viscous polymers
of nonconjugated llnolelc acid was depolymerizod by the acid
process directly, more than 80 percent of It was broken down to
monomers in one treatment*
The conjugated llnolelc acid used before oxidation was a
white crystalline solid* As oxidation proceeded, however, Its
melting point was decreased, and the final polymers obtained
were a very viscous liquid at room temperature* When this
26
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viscous liquid was depolymeriaod by the aoid process, more than
00 percent was broken down to monomer produots. The monomers
thus obtained were a liquid at room temperature*
Products of Molecular Distillation
The dopolymerised products were a dark brown colored liquid*
After three runs In the molecular still at 56°* 60° and 65°C,
more than 80 percent of them distilled as a pale yellow colored
liquid. The molecular weights of these distillates ranged from
280 to 305. These distillates wore then redistilled at 56°C,
and the distillate redistilled again in a pot type molecular
still* The distillate thus obtained was a colorless liquid,
whieh when subjected to spectrophotometric analyses gave the
compositions which are shown in Table 1*
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Table 1* The composition of the depolyraerlzation products of
conjugated and noneonjugated linoloic acid polyiaere.
Composition : Polymers of t Polymers of : PolyxrerB of
I 9, 12 llnolelo J 9, 12 llnolelc s 10, 12 llnoleic
(percent t acid depoly- t acid depoly- i add depoly-
by : nerized by alka-t raerized by s merlzed by
weight) t line process t acid process t acid process
eonju.
diene acid
2.3 1.9 35.6
nonconju.
diene acid
61,5 42,2 0.0
eonju.
triene acid
us 0.4 11.3
nonconju,
trleno acid
2.3 2 #7 8.3
oonju*
tetraene acid
0.0 0.0 0.0
nonconju.
tetraene acid
0.0 0.0 0.0
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DISCUSSION
The Formation of Trimers by Linolelc Acid
The data presented in this Investigation showed that lino*
leio acid could be polymerised almost completely into trimers by
autoxidatlon. This Is somewhat contradictory to the papers
published around 1940 (27, 28, 29) • Bradley and Johnston (6)
studied the polymerization of methyl linoleate at 300°C. under
an atmosphere of carbon dioxide. They reported that most of
the polymers formed were diners, and only 6 percent were trimsrs.
Overholt and Elm (20) also suggested that it was difficult to
obtain trimers from linoleic acid. Their observation was based
on the fact that linoleate forms a gel while linolenate of
glycols dries to a hard film. However, four yoars later,
Soanlan and Knight polymerized methyl oleate by bubbling air
through it, and found a considerable portion of dimers. The
present paper indicated that linolelc acid, either conjugated or
nonconjugated, could be polymerized to trimers by air.
The Role of the Carboxyl Group
in the Polymerization of Linoleic Add
The molecular weights and neutral equivalents found in this
investigation indicate that the increase in neutral equivalent
during autoxldation of linoleic acid is loss than 20 percent of
the increase in molecular weight. If the linkage of the polymers
is through double bonds, the neutral equivalent of the poly-
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merizod product should be kept constant, and If the binding
between polymers is through oarboxyl group, it should be in-
creased at the same rate as the molecular weight* The present
data indicated that more than 80 percent of the polymers formed
during autoxidation of linoleic acid is due to the double bond*
This is true for both conjugated and nonoonjugated linoleic acid*
The close resemblance of the curves of the polymerized con-
jugated and nonconjugated linoleic acid obtained by plotting
molecular weight and neutral equivalent separately against time
should not be interpreted as indicating that identical mechanisms
were involved in their polymerisation. Furthermore, the work of
this laboratory (1, 13) proved that the initial stages, especial-
ly the induction period, in the autoxidation of conjugated and
nonoonjugated linoleic acid are different* The depolymerization
work in this paper also showed that the trlmers of conjugated
and nonoonjugated linoleic acid gave different products upon
depolymerization in the same way. Thus, the resemblance of them
curves could indicate only that the periods prior to the occurr-
ence of appreciable polymerization are the same for both conju-
gated and nonoonjugated linoleic acid; after that period they
also polymerized at about the same rate and to about the
molecular size.
c£l
The Difforencea in the Mechanise Involved In the
Polymerisation of Conjugated and Nonconjugated Llnoloic Aold
During rooent years, the suggestion that the Dlel8 Alder
diene reaction ia the mechanism responsible for the polymeriza-
tion of llnoloic add has become more and more promising* How-
ever, the results of the present investigation conflicted with
this mechanism* A Dials Alder reaction could take place only
when at least one of the reacting segments consists of a conju-
gated diene system* When a noneonjugated linoleic acid under-
goes this type of polymerisation, at least 50 percent of it has
to be lsomerised to conjugated add in order to form diners, or
at least 75 percent should be lsomerised In order to form trtaers*
This investigation showed that when a triraer of nonconjugated
linoleic acid was depolymerised, less than three percent of con-
jugated diene acids could bo found* A shifting of double bonds
during dcpolymerization seemed to be Impossible, because 9, 12
linoleic acid was obtained when the oxidation products of 9, 12
linoleic acid were depolymerlzed, as evidenced by the melting
point of the bromo-eddition derivative of the depolymerlzed pro-
duct and Its mixed melting point with tetrabromostearic acid
prepared from the original 9, 12 linoleic acid*
The ease with which the viscous polymers were depolymerlzed
by dry hydrochloric acid in ethanol could not be interpreted as
an Indication that the monomers were linked together by -C-O-C-
linkmges. Generally, an ether linkage between two secondary hy-
drocarbons is more easily cleaved than a carbon to carbon bond*
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However, attachment of oxygen and the presence of unsaturatlon
Greatly influence the ease in which these linkages are broken*
The hydrolytic cleavage of carbon to carbon bonds could take
place readily when oxygen is attached to certain parte of the
noloculo. The residual unsaturatlon further pronotes the ease
of this type of cleavage*
The data presented in this paper added to the evidence that
vinyl polymerisation (XII) is the principal process responsible
for the drying property of linoloic acid* The nature of the
depolymerised products could be Interpreted easily with this
mechanism* The linolenic acid in the depolymerization products
might have resulted from the formation of a third double bond in
the linoloic acid segment by either dehydration of certain hy-
droxy! groups attached to the carbon chain or from tho enoli-
sation of certain oarbonyl group formed by the decomposition of
peroxide.
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ranus
Llnoloic acid, both conjugated and nonconjugated, were shown
to be able to polymerize to viscous trimers by autoxidation at
60°C.
Die oarboxyl group in the llnoloic acid was not the prin-
cipal functional group for polymerization, more than 30 percent
of the polymers formed during autoxidation were shown to be due
to the double bonds
•
TOio characteristics of the depolymerised products of con-
jugated and nonconjugated linolcic acid conflicted with the
view that the Dlels Alder reaction was the prominent one
occurred in the polymerization of linolcic acid, and added to
the evidence that vinyl polymerization was the principal process
responsible for the drying property of ilnoleic acid.
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